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Abstract 
In the processing of oilseeds for purposes of vegetable oil’s production solid residues such as flakes, cakes and 
meal are formed. Those by-products are mainly used to produce feed for animals. But they may also enrich 
human  food  with  proteins,  minerals,  valuable  vitamins  A,  E,  phenolic  acids,  polyphenols,  flavonoids  and 
condensed tannins. The expeller cakes, extracted meal or extracts obtained by extraction with organic solvents, 
are best applied by in bakery products, spiced meat products potato-based products. Fats are mainly stabilized 
by synthetic antioxidants BHT or BHA. In this work we proved that synthetic antioxidant BHT was not the best 
stabilizer of the stored sunflower oil. Typical by-products of fat industry were studied as a potential source of 
cheap  natural  antioxidants.  The  whole  sunflower  or  rapeseed  meal  added  into  stored sunflower  oils  in  the 
amount  of  20  g  kg
-1  increased  oil’s  stability  more  than  0.1  g  kg
-1  addition  of  BHT.  In  order  to  increase 
antioxidant activity of whole meal we carried out its fractionation to obtain five fractions with different particles 
size. Out of these fractions, fraction 4 with particles size of 0.05 – 0.15 10
-3 m was very effective, second only to 
whole meal, especially to whole sunflower meal. They increased the stability of sunflower oil 1.4 times during 
storage. By-products such as sunflower or rapeseed meal added directly into sunflower oil can extend its shelf 
life.  
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I.  INTRODUCTION 
The  utilization  of  natural  antioxidants  of 
plant  seems  promising  in  view  of  the  economic 
accessibility of by-products formed in the production 
of  vegetable  oils.  The  average  annual  (1996/2000) 
production of the 17th most produced oils and fats in 
the world was 105.06 10
6 t. The highest proportion 
represent soybeans oils (23.14 10
6 t). The production 
of  palm  oil  was  the  second  largest  (18.72  10
6  t) 
followed by rapeseed oil (12.64 10
6 t) and sunflower 
oil  (9.11  10
6  t).
1  The  by-products  obtained  in 
vegetable oils production are mainly expelled cakes 
or extracted meal. The cakes are formed by heating-
crushing of seeds and subsequent pressing. The meal 
represents by-products after extraction of lipids from 
crushed or flaked cakes.
2 Processing of the 10th most 
cultivated oilseeds in the  world  the average annual 
(1996/2000)  production  produced  242.71  10
6  t  of 
crushed seeds and 164.65 10
6 t of meal.
1 Those by-
products  remaining  after  partially  de-fatting  of 
oilseeds are generally rich in protein and find a ready 
market  in  production  of  animal  feed.  Some  by-
products (solids), especially from soybean, are added 
to  human  food  as  flours,  concentrates,  textured 
particles or protein isolates. But some oilseed solids 
contain toxins or allergens that make them unfit for 
animal feeds, for example solids from processing of 
tung  nut  and  castor  bean.  Some  processes  use  a 
chemical  additive  and  extrusion  to  detoxify  and 
deallergenate castor meal and thus make it suitable 
for  animal  feed.
2  Addition  of  natural  antioxidant 
should also satisfy the following requirements. Such 
antioxidants  are  supposed  to  originate  from  an 
abundant and inexpensive vegetable matrix, produced 
by  a  suitable  and  economical  technology.  Finally 
natural antioxidants should be properly effective. 
The  liposoluble  antioxidants  are  extracted 
into  crude  oil  during  oilseed  processing  and  are 
partially recovered from a deodorization condensate. 
More polar antioxidants remain in expelled cakes or 
extracted  meal  which  may  be  also  used  as  food 
additives to increase the oxidative stability of food. 
Oilseed  meal  industrially  extracted  with 
hydrocarbons may ubsequently be extracted by more 
polar  organic  solvents  to  obtain  concentrates  of 
phenolic substances.
3 
By-products  of  oil  processing  contain 
phenolic  compounds  of  various  chemical  structures 
such as tocopherols, carotenoids, flavonoids, lignans, 
lignins, phenolic acids and tannins. These sources of 
cheap natural antioxidants could substitute synthetic 
additives  and  also  play  an  important  role  in 
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preventing  of  many  diseases.
4  Natural  derived 
phenolic  extracts  would  be  used  as  antioxidants  in 
lipid and lipid-containing systems, e.g. meat products 
with  higher  fat content.
5  Their activities depend on 
the  systems  they’re  stabilized,  as  hydrophilic 
antioxidants are more effective in bulk oil, whereas 
hydrophobic antioxidants are more effective in oil-in-
water emulsion or in liposomes.
6,7 
 
II.  A formation of by-products in 
processing of oilseeds in the fat 
industry 
In the production of edible oils the seeds are 
crushed  and  heated  to  inactivate  enzymes  and  to 
destroy the bonds between lipid-protein moieties in 
membranes and lipoproteins. Sunflower seeds can be 
dehulled  before  crushing  and  heating.  The  hulls 
remain  as  a  by-product.  Crushing  and  heating  are 
omitted in the production of virgin oils.
3 Then oil is 
subsequently partially removed from the crushed and 
heated  material  by  expeller  pressing  under  high 
pressure and at temperatures up to 100 °C. After this 
process  the  cake  (solid  residue)  contains  some 
residual fat. Oilseeds which contain a lot of fat and 
are low in  solids produce solid residues containing 
only a small residue of the original fat, approximately 
2.5 – 5 %. However, oilseeds low in fat and high in 
solid residues still contain 15 – 20 % of the original 
fat.
2 In oilseeds with low oil content the pressing may 
be omitted. Further processing can produce more fat 
from cake, e.g. by extraction, most often performed 
by  hexane  or  mixtures  of  hydrocarbons.  Miscella 
containing  oil  dissolved  in  the  solvent  is  then 
removed  and  the  solvent  is  distilled  off.  Crude  oil 
obtained in this way is usually combined with crude 
oil obtained by expeller pressing.  Solvent-extracted 
meal typically has less than 1 % of residual fat. The 
residual solvents are removed from the meal. In the 
production of virgin (cold-pressed) oils, the second 
stage of solvent extraction is omitted.
2,3 During the 
processing,  natural  antioxidants  present  in  original 
oilseeds  are  fractionated  into  the  liposoluble  and 
hydrophilic fractions. Mostly lipophilic antioxidants 
are  extracted  into  crude  oil  during  the  expeller 
pressing and solvent extraction. Some antioxidants of 
medium  polarity  are  also  partially  extracted.  More 
polar natural antioxidants in crude oils are partially 
removed  during  the  oil  refining.  Antioxidants 
remaining in the extracted meal are not significantly 
damaged during the oilseed processing.
3 
 
By-products from processing of rapeseed oil  
In the production of rapeseed oil, the most 
active  antioxidants  from  seeds  remain  in  the  by-
products  which  have  the  form  of  flakes,  expelled 
cakes or extracted meal.
8 Rapeseeds usually contain 
more  active  phenolic  antioxidants  compounds  than 
other  oilseeds.
9  Rapeseed  contains  approximately 
17.5 g kg
-1 of total phenolic compounds. The typical 
by-products of rapeseed oil processing are expelled 
cake  and  extracted  meal  containing  approximately  
18.5  and  15.8  g  kg
-1  of  total  phenolic  compounds, 
respectively.
10  Rapeseed  meal  commonly  used  as 
animal feed contains 40 % protein and its amino acid 
composition has a high nutritive value. The level of 
glucosinolates in rapeseed is less than 30 10
-6 mol g
-1, 
resulting  in  good  quality  meal.  It  has  high  fiber 
content  and  is  rich  in  minerals  such  as  calcium, 
magnesium,  zinc  and  copper.  Extracted  rapeseed 
meal contains only negligible residues of liposoluble 
antioxidants  (vitamin  E).
3  More  significant  is  the 
amount of polar active phenolic antioxidants, vitamin 
A  and  several  B  vitamins  which  make  the  meal 
nutritionally  very  valuable.
11,12  The  rapeseed  meal 
contains  phenolic  compounds  in  the  range  1–2  %, 
which is 5 times higher content compared to soybean 
meal.
13 The content of phenolic acids in dehulled and 
defatted rapeseed meal is 10 - 30 times higher than in 
meals  obtained  from  other  oilseeds.
11  Phenolic 
compounds in the extracts of rapeseed meal mostly 
contain derivatives of phenolic acids, flavonoids and 
condensed  tannins.
13,14  These  phenolic  acids, 
especially  the  derivatives  of  benzoic  acid  and 
cinnamic  acid  are  present  both  as  free,  insoluble, 
bound form and as soluble esters (glycosides).
5,9,15 In 
rapeseeds the most significant phenolic compound is 
sinapine, the choline ester of sinapic acid (about 80 
% of the total phenolic compounds). Typically, the 
amount of sinapic acid derivatives in rapeseed meal 
varies  from  6.39  to  18.37  g  kg
-1  depending  on  the 
variety  of  oilseed  plant  and  the  oil  processing 
method.
16 Sinapine Fig. 1. is mainly concentrated in 
kernels, their content in hulls is lower. The content of 
phenolic  compounds  increases  during  ripening  of 
rapeseed  (Brassica  napus).  The  amount  of  water 
soluble  phenols,  including  sinapine  increases  to 
maximum  value  in  the  last  phase  
of green seeds ripening and at the beginning of their 
browning.
11 Sinapic acid in rapeseeds also exists as 
the glucopyranosyl sinapate (Fig. 1.).
17 This sinapic 
acid derivate was identified as the most antioxidative 
active component of rapeseed meal.
18 Free phenolic 
acids  represent  6.5  -  9.0  %  of  total  phenols  in 
rapeseed flour and more than 15 % in rapeseed meal.
 
However the sinapic acid is the main free phenolic 
acid (70 – 80 %).
16 Investigations on the free-radical-
scavenging  activity  of  sinapic  acid  and  sinapine 
indicated  that  sinapine  had  a  significant  but  lower 
activity  as  sinapic  acid.  Sinapine  was  not  able  to 
inhibit  the  formation  of  hydroperoxides,  compared 
with  sinapic  acid.  This  indicated  that  sinapic  acid-
rich extracts could better inhibit the lipid oxidation in 
bulk  lipid  systems  compared  with  sinapine-rich 
fractions.
19,20 Other minor phenolic compounds in the František Kreps et al Int. Journal of Engineering Research and Applications                www.ijera.com 
ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.45-54 
   
  www.ijera.com                                                                                                                                  47 | P a g e  
rapeseed  may  include  p-hydroxybenzoic,  vanillic, 
gentisic,  protocatechuic,  syringic,  p-coumaric, 
ferulic,  caffeic  and  chlorogenic  acids
10  and  tannins 
which are mainly concentrated in rapeseed hulls.
5  
 
 
Fig. 1. Main sinapic acid derivatives of rapeseeds 
 
III. Antioxidant activity of rapeseed cake 
and meal 
The  ground  oilseeds  can  without  difficulty 
be  used  in  bakery  or  meat  products,  where  the 
presence  of  spices  would  mask  their  eventual  off-
flavours.
3  The  antioxidant  activity  of  rapeseed  by-
products can be measured in the lard (contains any 
antioxidants) or in the vegetable oils where there is 
synergism  of  phenolic  compounds  with  other 
compounds. Antioxidative effect of flakes, meal and 
their fractions in the lard has been demonstrated. The 
best  antioxidative  was  observed  in  the  fraction  of 
rapeseed flakes (size < 0.15 10
-3 m), 1.2 times higher 
than that of 0.1 g kg
-1 BHT addition. Also lard with 
direct addition of fraction rapeseed flakes (size < 0.15 
10
-3 m) had 3 times higher stability than addition of 
the same size fraction of rapeseed meal. Moreover, 
direct addition of flakes or meal was more efficient 
than its lard macerate.
5,21 Other authors observed that 
addition  of    10,  20  or  40  g  kg
-1  the  non-sieved 
rapeseed meal improved the stability of lard 1.2 – 2 
times. Adding 80 – 150 g kg
-1 of meal into the lard 
has increased its stability 3 – 8 times. Rapeseed meal 
was fractionated in order to find a fraction of meal 
that would stabilize the lard best. The fraction with 
size 0.15 – 0,315 10
-3 m has stabilized lard better than 
other fractions of sieved meal. It has been discovered 
under microscope that this fraction with size 0.150 – 
0,315  10
-3  m  contained  a  mixture  of  hulls  and 
rapeseed kernels. Non-sieved rapeseed meal has had 
similar  but  lower  stabilization  effect  on  the  lard 
owing to the presence of dust particles.
22 It was found 
that  extracts  from  rapeseed  meal  had  higher 
antioxidant  activity  than  non-extracted  by-products 
obtained from oilseeds in the fat industry.
23 A very 
promising antioxidant appears to be ethanol extract of 
evening  primrose  meal,  possessing  antioxidant 
activity comparable to ethanolic extract of rapeseed 
meal.
24 Further extracts obtained from rapeseed by-
products showed better antioxidant activity as direct 
addition  of  by-products  in  the  lard.
5,22  The 
antioxidant activity of those extracts depends on the 
cultivar  of  oilseeds  and  the  solvent  used  for 
extraction.
8  Solvents  of  medium  polarity  are  more 
useful for the extraction of antioxidants but they are 
relatively  expensive.
5  Solvents  such  as  ethanol  
or  methanol  (80  -  90  %  v/v)  are  suitable  for  the 
extraction  of  polar  antioxidants,  e.g.  flavonoids  or 
phenolic  acids  from  rapeseed  meal  or  cake. 
Antioxidants  obtained  by  these  solvents  would  be 
acceptable  for  fat  dispersions,  such  as  in  meat 
product.
3 Ethanol extract of rapeseed meal has been 
added to rapeseed oil in the concentration of 0.5 – 1 g 
kg
-1 and has had higher effect than 0.2 g kg
-1 addition 
of  synthetic  antioxidants  BHT,  BHA  and  mixed 
antioxidant BHA / BHT / monoacylglycerol citrate.
13 
On  the  other  hand  it  has  been  demonstrated  that 
fraction of rapeseed meal low in phenolic compounds 
has had better antioxidant activity than rapeseed meal 
with  high  phenolic  content.  That  synergism  of 
phenolic  compounds  with  one  or  more  other 
components present in each fraction may contribute 
to the high antioxidant activity of rapeseed fractions 
containing low phenolic compounds.
25 
 
IV. By-products from processing of 
sunflower oil and their antioxidant 
activity 
The  production  of  sunflower  oil  generates 
by-products such as hulls, flakes, expelled cakes or 
extracted meal. These by-products are a good source 
of  non-lipophilic  antioxidants.  The  fat  industry 
produces three types of sunflower meal: undehulled 
meal (28 % protein and 25 – 28 % fiber), partially 
dehulled meal (35 – 37 % protein and 18 % fiber) and 
double-dehulled sunflower meal (40 – 42 % protein 
and  12  –  14  %  fiber).  Thus,  the  composition  of 
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dehulling  process.  Sunflower  meal  is,  unlike  other 
oilseed  meals,  a  valuable  source  of  calcium, 
phosphorus as well as an excellent source of water-
soluble B-complex  vitamins, namely  nicotinic acid, 
thiamine, pantothenic acid, riboflavin and biotin.
26 It 
is known  that  sunflower seeds are rich in  phenolic 
compounds  and  the  total  phenols  content  in 
sunflower seeds is in the range 10 - 42 g kg
-1.
27 The 
sunflower meal formed after extraction of lipids from 
cakes had similar content of phenolic antioxidants as 
sunflower seeds. The content of phenolic compounds 
in  meal  may  be  vary  depending  on  the  content  of 
hulls  in  meal  and  variety  (regions)  cultivate  of 
sunflower.
28 Chlorogenic and caffeic acids (Fig. 2.) 
compose 70 % of phenolic compounds in sunflower 
flour.
29  Chlorogenic  acid  is  described  as  a  major 
phenolic compounds in sunflower seeds while caffeic 
acid  is  present  in  lower  concentration.
30,31 
Nevertheless  it  was  evaluated  that  the  caffeic  and 
protocatechuic  acids  (3,4-Dihydroxyphenolic  acids) 
were  more  active  antioxidants  than 
monohydroxyphenolic acid (p-hydroxybenzoic acid), 
2,5-dihydroxyphenolic  acid  (gentisic  acid)  and  3-
methoxy-4-hydroxyphenolic  acids  (vanillic  and 
ferulic acids) and their corresponding alkyl esters.
32 
In extracts of sunflower seeds several minor phenol 
acids: p-hydroxybenzoic acid, m-hydroxybenzoic, p-
coumaric, cinnamic, vanillic and syringic have been 
identified.
33  
 
 
Fig. 2. Main phenolic acids of sunflower seeds 
 
Chlorogenic  acid  can  be  bonded  to 
polypeptides  and  oligonucleotides  with  low 
molecular  weight.
34  In  the  production  of  sunflower 
oil,  mainly  in  alkaline  conditions,  chlorogenic  acid 
reacts with certain protein fraction, giving the meal of 
dark  green  color.
35  The  undesirable  browning  of 
cakes  or  meal  can  be  negatively  affected  by  the 
oxidation  of  chlorogenic  acid,  manifested  by 
undesirable browning of cakes and meal depends on 
the  amount  of  polyphenol  oxidase  present  in  the 
sunflower  seeds.
36  Several  methods  have  been 
proposed for the production of protein concentrates 
obtained  from  sunflower  seeds,  cakes  or  meal 
through  extraction  or  inactivation  of  chlorogenic 
acid. Sunflower meal (blended with wheat flour) can 
be used for human nutrition. Despite their dark color, 
sunflower protein (71 %) concentrates have excellent 
digestibility.
35 
The sunflower seeds may be dehulled after 
clearing and climatizing of seeds. The hulls comprise 
22 – 28 % of the total weight of sunflower seeds and 
may be removed before or immediately following oil 
extraction or may remain in the meal. Dehulling is 
omitted when the fat industry has not this technology 
and the raw oil is dewaxed. Sunflower hulls contain  
60 – 65 %  fiber,  around 4 % crude protein, 5 % 
lipidic matter (including waxes, hydrocarbons, fatty 
acids,  sterols  and  triterpenic  acid),  50  % 
carbohydrates  (mainly  cellulose  and  lignin),  26  % 
reducing sugars (mainly xylose) and 2 % ash.
26,35 It is 
reported that sunflower hulls contain approximately 
32 g kg
-1 of total phenols. Chlorogenic acid was the 
most abundant phenol (79.4 %) in sunflower hulls. 
Other remarkable phenols are the o-cinnamic (5.8 %), 
protocatechuic  (5.2  %),  caffeic  acid  (4.1  %)  and 
under  2  %  is  the  content  of  ferulic  and  syringic 
acid.
37 Sunflower hulls contain a large amount of raw 
fiber of practically no nutritional value, so that they 
are almost exclusively used as ruminant feed. They 
can be utilized as a source of fuel. The heat value of 
hulls  is  19.2  10
6  J  kg
-1,  whereas  the  heat  value  of 
hulls and meal together is 23.6 10
6 J kg
-1.
26  
In  many  studies  it  has  been  demonstrated 
that  sunflower  meal  has  high  antioxidant  potential, 
which  could  be  beneficial  for  further  technological 
utilization.
28 Numerous sunflower  polyphenols such 
as  caffeic,  chlorogenic  and  ferulic  acids  have  been 
shown in many studies to exert a high antioxidative 
potential.
28,32  They  can  be  used  as  effective 
antioxidants for stabilization of sunflower oil.
27 By-
products  of  sunflower  oil’s  production,  meal  and 
hulls  are  valuable  sources  of  phenolic  compounds 
that  might  be  recovered  and  used  as  natural 
antioxidants.
28  Mixtures  of  solvents,  e.g. 
acetone/water  60:40  (v/v)  or  ethanol/water  60:40 
(v/v) proved to be suitable for extraction of phenolic 
compounds from sunflower seed hulls. From 25 g of 
partially defatted sunflower hulls, around 90 mg of 
powdery  antioxidant  product,  consisting  of  58  % 
caffeic acid, was obtained. From 1 kg of sunflower 
hulls  around  14  g  of  chlorogenic  acid  can  be 
recovered  and  after  its  alkaline  hydrolysis  7  g  of 
caffeic acid was recovered. The accelerated oxidation 
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powdery  sunflower  antioxidant’s  product,  caffeic 
acid standard and propyl gallate. It was determined 
that  the  propyl  gallate  was  15  –  20  %  more 
effectiveness  than  powdery  sunflower  antioxidant’s 
product which was similar effective than the caffeic 
acid standard.
37 
 
V.  EXPERIMENTAL 
Conditions and procedures  
We  investigated  the  antioxidative  potential 
of rapeseed and sunflower meal and their fractions in 
sunflower oil.  
Sunflower, rapeseed meal and sunflower oil 
were obtained from Slovak fat industry (Palma Group 
Inc.  Bratislava,  Slovakia).  The  meal  was  solid 
residues after extraction of oils (with hexane) from 
flaked sunflower and rapeseed cake. Sunflower and 
rapeseed meal  was  fractionated on sieves to obtain 
five  fractions  with  different  particle  sizes.  The 
rapeseed  
(Fig. 3 A) and sunflower (Fig. 3 B) meal fractions 1 
consisted  mainly  of  hull  conglomerates  and  some 
seed kernels with size longer than 0.75 10
-3 m (max 1 
10
-3  m).  Fractions  2  contained  more  kernels  than 
fraction 1, but still dominated hulls. These rapeseed 
(Fig. 4 A) and sunflower (Fig. 4 B) meal fractions 
contained  particles  with  size  0.63  –  0.75  10
-3  m. 
Fractions  3  of  rapeseed  (Fig.  5  A)  and  sunflower 
(Fig. 5 B) meal with size 0.32 – 0.63 10
-3 m were a 
mixture of hulls and kernels. The rapeseed (Fig. 6 A) 
and sunflower (Fig. 6 B) meal fractions 4 contained 
less hulls than fraction 3 and more seed kernels with 
size 0.15 – 0.32 10
-3 m. Fractions 5 of rapeseed (Fig. 
7 A) and sunflower (Fig. 7 B) meal with size 0.05 – 
0.15 10
-3 m  contained mainly  fragments of  kernels, 
some hulls and dust particles.  
The  best  method  to  determine  the 
antioxidant  activity  of  natural  compounds  is 
monitoring  the  changes  of  oils  and  fats  during 
storage.  This  method  is  expensive  and  time-
consuming,  that  is  a  reason  why  the  accelerated 
method of fat oxidation is usually used.
5  
 
 
Fig. 3. Rapeseed (A) and sunflower (B) meal fractions 1 with particles longer than 0.75 10
-3 m. Magnification 
10x 
 
Fig. 4. Rapeseed (A) and sunflower (B) meal fractions 2 with particles size 0.63–0.75 10
-3 m. Magnification 10x 
 
Fig. 5. Rapeseed (A) and sunflower (B) meal fractions 3 with particles size 0.315–0.63 10
-3 m. Magnification 
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Fig. 6. Rapeseed (A) and sunflower (B) meal fractions 4 with particles size 0.15–0.315 10
-3 m. Magnification 
10x 
 
 
Fig. 7. Rapeseed (A) and sunflower (B) meal fractions 5 with particles size 0.05–0.15 10
-3 m. Magnification 10x 
 
We  combined  these  two  methods  for  the 
purpose  of  examination  of  antioxidant  activity  of 
rapeseed  and  sunflower  meal.  Rancimat  test  as 
accelerated method of sunflower  oil oxidation  with 
added  20  g  kg
-1  of  sunflower  and  rapeseed  meal 
fractions was investigated. The fraction with highest 
antioxidative activity was compared with whole meal 
(20 g kg
-1) and synthetic antioxidant BHT (0.1 g kg
-1) 
added into sunflower oil. Then we carried out a 56 
days storage of sunflower oils with addition of 20 g 
kg
-1  whole  meal,  fraction  4  which  was  the  best 
antioxidant of all fractions and 0.1 g kg
-1 addition of 
synthetic  antioxidant  BHT.  The  sunflower  oil  was 
stored  near  the  window  (160  cd)  at  ambient 
temperature  (26  °C)  in  glass  jars  with  500  dm
3 
volume,  which  were  covered  by  filter  paper.  For 
reasons  of  mixture  homogeneity,  these  oils  were 
stirred  by  sticks  once  a  day.  At  the  beginning  of 
experiment,  the  sunflower  oil  without  added 
stabilizers had the peroxide value 0.43 (10
-3 mol 0.5 
O2 kg
-1 of fat), iodine value was 128.5 g I2 100 g
-1 of 
fat and the acid value was 0.21 g KOH  kg
-1 of fat.  
 
VI. Analytical methods 
The  peroxide  value  was  determined 
iodometrically and expressed in 10
-3 mol 0.5 O2 kg
-1  
of fat.
38 The acid value was analyzed by alkalimetric 
titration  and  expressed  in  g  KOH  kg
-1  
of fat.
39 The analysis of iodine value was carried out 
iodometrically according to Hanuš and expressed in g 
I2 100 g
-1 of fat.
40 The stability of fats was measured 
by  the  method  of  accelerated  oxidation  with  the 
apparatus Rancimat 743 at a constant temperature of 
fat (110 °C) and air flow (20 dm
3 h
-1) which bubbled 
through  the  sample.  The  stability  of  lipids  is 
expressed by induction period in hours as resistance 
of  lipids  to  oxidation.
41  The  antioxidant  activity  of 
the  sunflower  oil  enriched  with  meal  or  synthetic 
antioxidant BHT is expressed as a protective factor 
(PF) calculated as a ratio of the induction period of 
sunflower oil with the addition of meal or BHT (IPA) 
and without the addition of meal or BHT (IP0): PF= 
IPA / IP0 
 
VII.  Results and discussion 
In the first experiment the protective effect 
of  whole  rapeseed,  sunflower  meal  and  their  five 
fractions  before  oxidation  of  sunflower  oil  was 
investigated.  For  comparison  of  their  relative 
protective  effects,  one  of  the  most  used  synthetic 
antioxidant  BHT  was  applied.  Sunflower  oil  was 
enriched with 20 g kg
-1 of meal or 0.1 g kg
-1 of BHT 
addition  and  compared  with  pure  sunflower  oil. 
Figure  8  shows  that  the  most  effective  stabilizer 
before oxidation of sunflower oil was the synthetic 
antioxidant. The whole rapeseed and sunflower meal 
has 1.13 and 1.04 times lower protective factor than 
BHT,  respectively.  Sunflower  meal  was  more 
effective  than  rapeseed  meal  before  oxidation  of 
sunflower oil.  
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Fig. 8. Protective factor of 20 g kg
-1 whole rapeseed meal (A), sunflower meal (B) and their fractions into 
sunflower oil 
 
According to some authors, the reason may 
be higher content of total phenols (10 – 42 g kg
-1) in 
sunflower  meal
27  and  lower  concentration  of  total 
phenols  (16  g  kg
-1)  in  rapeseed  meal.
10  The  whole 
rapeseed  and  sunflower  meal  had  better  protective 
factor than fractions 4 (size 0.05 – 0.15 10
-3 m) which 
were  more  effective  before  oxidation  than  other 
fractions  (Fig.  8).  Whole  rapeseed  and  sunflower 
meal  contain  dust  particles,  nevertheless  they  may 
contain more phenol compounds than fractions 4 with 
lower  hulls  content  compared  with  whole  meal.  
Defatted rapeseed meal contains 1.8 % total phenols 
but dehulled rapeseed flours contain 1.1 – 1.3 % total 
phenols.
10  
In  the  second  part  of  experiment  we  have 
made the storage test of sunflower oil with addition 
of  20  g  kg
-1  whole  rapeseed,  sunflower  meal  and 
fractions 4 (Fig. 9). During the storage we measured 
the  peroxide  value  which  expressed  the  content  of 
primary oxidation products, namely lipoperoxides in 
the sunflower oil. The peroxide value also predicts 
the  oxidation  stability  of  this  oil.
5  Stability  of 
sunflower  oil  with  addition  of  meal  was  compared 
with oil without stabilizers and with addition of 0.1 g 
kg
-1  BHT.  From  Fig.  9.  resulted  that  the  synthetic 
antioxidant was not the best stabilizer during storage 
of  sunflower  oils.  Sunflower  oils  with  20  g  kg
-1 
whole  sunflower  or  rapeseed  meal  had  lower 
peroxide  value  even  at  30th  day  of  storage.  That 
indicated higher stability than oil with an addition of 
BHT. The presence of  natural antioxidants  may be 
the reason of their better regeneration. Activities of 
polar-phenolic antioxidants depend on the systems to 
be  stabilized  and  they  are  more  effective  in  bulk 
oil.
6,7 Sunflower oils stored with fractions 4 were not 
so stable as sunflower oils with whole meal addition.  
 
 
Fig. 9. Storage of sunflower oil with added 20 g kg
-1 of whole rapeseed meal (A), sunflower meal (B) and their 
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The  sunflower  oil  with  rapeseed  meal 
fractions 4 had lower peroxide value than sunflower 
oil  with  BHT  addition  just  at  the  end  of  the 
experiment (56th day). But sunflower meal fraction 4 
added into the sunflower oil decreased the peroxide 
value after 42th day on lower value than sunflower 
oil with content of BHT. Sunflower oil with whole 
sunflower  meal  had  in  average  1.4  times  lower 
peroxide  value  than  sunflower  oil  without  whole 
sunflower  meal.  The  Fig.  9.  describes  that  the 
stability  of  sunflower  oil  was  the  best  with  an 
addition  of  whole  meal  and  especially  with  whole 
sunflower meal.  
 
VIII.  CONCLUSION 
Rapeseed,  sunflower  meal  as  by-products 
from  processing  of  vegetable  oils  can  serve  as  
a potential source of cheap natural antioxidants. We 
have confirmed that the addition of 20 g kg
-1 whole 
sunflower  meal  and  rapeseed  meal  increased  its 
protective  effect  by  1.35  and  1.24  times  before 
sunflower  oil  oxidation,  respectively.  Based  on  the 
results, whole meal had higher protective factor than 
fractions obtained by sieving of meal. Only fractions 
4 with particle size 0.15 – 0.32 10
-3 m had a similar 
effect as whole meal. During ageing of sunflower oils 
with  whole  meal,  fractions  4  and  with  BHT, 
antioxidative activity of synthetic antioxidant did not 
surpass  natural  antioxidants.  Thus  whole  rapeseed 
and sunflower meal added (20 g kg
-1) into sunflower 
oil increased stability of sunflower oil better than a 
0.1  g  kg
-1  addition  of  BHT.  Rapeseed  meal  which 
was worse stabilizer than sunflower meal added into 
sunflower oil increased after 30 days its stability 1.2 
times compared with addition of BHT.  
Whole sunflower or rapeseed meal can be used either 
for recovery by extraction of antioxidants or directly 
added  into  vegetable  oil.  The  use  of  these  by-
products in fat processing factories as direct addition 
into bulk vegetable oil can extend the shelf life of oils 
during their storage in batch operation. 
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Notation 
BHA  butylated hydroxyanisole  
BHT  butylated hydroxytoluene  
cd  candela unit of luminous intensity 
F  fractions of rapeseed or sunflower meal 
IP0  induction period of oil  without addition of 
stabilizers 
IPA  induction  period  of  oil  with  addition  of 
stabilizers 
PF  protective factor 
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